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EP 0 370 673 B1 

Description 

The present invention relates to a therapeutic agent for acquired immune deficiency syndrome (hereinafter 
referred to as "AIDS"). In particular the invention relates to a therapeutic agent produced by cultures of basi- 

5 diomycete fungi and to a process for preparing the same. 

Human immunodeficiency viruses (hereinafter referred to as "HIV") are human RNA viruses belonging to 
the Retrovirus family, sut)-family Lentivirus. Such viruses are known to have an affinity for T4 positive T cells, 
resulting in death of the infected cells. Subjects who have been infected with these viruses are thus brought 
into immunological deficiency, leading to the acquired immune deficiency syndrome (AIDS), and secondary 

10 conditions such as Karposi's sarcoma and opportunistic infectious diseases. According to Statistics obtained 
by the Centres for Disease Control (CDC) in the U.S.A., the number of cases in the U.S.A. reached 11 ,871 in 
July 12, 1985, and of these 5,917 cases have died. Since then the number of patients has been increasing 
exponentially. In Japan both patients exhibiting full-blown AIDS and antibody carriers have also been found, 
and urgent countermeasures against the disease are being sought. 

15 Retroviruses have a genome comprising two molecules of RNA and a peripheral envelope the glycoprotein 

of which is responsible for the antigenicity of the viruses. Retroviruses are characterized by exhibiting the ac- 
tivity of reverse transcription. More specifically, the virus is first adsorbed on the surface of a cell, where the 
envelope is removed, and then invades the cell. Uncoating of the virus takes place within the cell by the action 
of reverse transcriptase serving as a catalyst, and reverse transcription is started from the RNA genome. A 

20 part of the double helical DNA produced as a result of the reverse transcription is incorporated in the host cell 
DNA. This DNA is transcribed and the RNA thus produced functions both or genomic viral RNA and as viral 
mRNA. Once protein synthesis has occured. the RNA molecules cover themselves with a cell membrane at 
the surface of the cell, followed by budding and rupture of the cell. The, viruses are thus multiplied. 

The present Inventors have for many years investigated the mycelia of fungi belonging to the Basidbmy- 

25 cete genus, such as Lentinus edodes (shiitake mushroom). As a result, they have found that a substance ex- 
tracted from a culture product of the mycelia of Basidiomycetes such as Lintinus edodes, has an immunopo- 
tentiation action (see Japanese Patent Publication No. 23392/1978 and EP-A-01 54066), is effective as an an- 
tiviral agent (Japanese Patent Publication No. 36009/1 987), and effective against chronic hepatitis type B (Jap- 
anese Unexamined Patent Publication No. 270532/1987). An anti-cancer effect has also been suggested (EP- 

30 A-0088151). 

It was not however clear from such studies whether the substance extracted from a culture product of the 
mycelia of Basidiomycetes was effective against viruses such as the AIDS virus which replicate by a mecha- 
nism as described above and which specifically infect human beings. When taking Into account the replication 
mechanism mentioned above, a possible approach in the treatment of AIDS and other retroviral infections may 
35 be to Inhibit the activity of the reverse transcriptase in order to suppress the replication of such viruses. In EP- 
A-0292601 and EP-A-0295962 of Noda Shokukin Kogyo Co., Ltd (of earlier priority date but published after 
the present priority date) the use of Basidtomycete extracts in treating AIDS is suggested. 

It is an aim of the present invention to provide a therapeutic agent for AIDS, that can suppress the repli- 
cation of human immunodeficiency viruses whereby to normalize immunological mechanisms, and which is 
40 also safe to humans and free from any side effects. 

The present inventors have carried out intensive studies to achieve the above object. As a result, we have 
found that a component extracted from a culture product of mycelia of Basidiomycetes can effectively suppress 
the replication of human immunodeficiency viruses. 

In one aspect the present invention therefore provides a therapeutic agent for the treatment of human 
45 immunodeficiency virus (HIV) infections comprising as an active component a hot-water-soluble extract of the 
mycelia of fungi of the genus Basidiomycetes . said active component being soluble at an aqueous ethanol con- 
centration of 37.5% and insoluble at an aqueous ethanol concentration of 50%. 

According to a further aspect, the present invention provides a process for the preparation of a therapeutic 
agent for the treatment of human immunodeficiency virus (HIV) Infections, said process comprising the steps 
50 of: 

(a) culturing mycelia of Basidiomycetes; 

(b) causing the said mycelia to undergo autolysis; 

(c) extracting the mycelial contents using hot water; 

(d) subjecting the resulting extract to alcohol precipitation; and 

55 (e) collecting a fraction which is soluble at an aqueous ethanol concentration of 37.5 % and insoluble at 

an aqueous ethanol concentration of 50 %. 

As will be evident from test Examples hereinafter described the therapeutic agent of the present invention 
is effective in inhibiting infection of human subjects with human immunodeficiency viruses. Moreover, because 
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the substance is extracted from a 100% natural product, anxieties concerning potential side effects are much 
reduced when compared to synthetic chemical agents, and the product of the invention is therefore very safe. 

The agent is effective when administered both orally and parenterally and therefore is particularly suitable 
for the treatment of patients infected with human immunodeficiency viruses who need to be treated for the 
5 rest of their lives. 

It is not entirely clear why the therapeutic agent of the present invention has t he superior effect of inhibiting 
infection by human immunodeficiency viruses but it is thought that it may act to inhibit the adsorption of human 
immunodeficiency viruses onto host cells and also to inhibit the activity of reverse transcriptase. 

According to the process for preparing the therapeutic agent of the present invention, it is also possible 
10 to separate the active component from the crude culture extract and optionally to further concentrate or purify 
it. 

The invention will now be described in more detail with reference to the following Figures: 

Fig. 1 is a graph showing the inhibitory effect of LEM-HT against infection with human immunodeficiency 

viruses; 

15 Fig. 2 is a flow chart of the fractionation of LEM-HT following an alcohol precipitation method; 

Fig. 3 is a graph showing the inhibitory effect of LEM-HT (E-3) against infection with human Immunode- 
ficiency viruses; 

Fig. 4 is a graph showing the effect of LEM-HT in enhancing the activity of interleukin-1; 
Fig. 5 Is a flow chart of the fractionation of LEM-HT; 
20 Fig. 6 is a graph showing the inhibitory effect against infection with HIV, of each fraction obtained as a 

result of the above fractionation; and 

Fig. 7 is a graph to show the inhibitory effect against reverse transcriptase of a neoPPTI fraction and a 
EPS fraction. 

The present invention will be described below In greater detail by giving preferred embodiments of the in- 
25 vention. 

Basidiomycete fungi which may be used according to in the present invention include for example Lentinus 
edodes. Coriolus versicolor, Pleurotus ostreatus . Flammulina Veltipes sing , Ganoderma lucidum . and Grifola 
frondosa. Of these Lentinus edodes is particularly preferred. All these Basidlomycetes are fiingi which are 
known in the art and are readily available. 
30 In the present invention, mycelia of these Basidlomycetes are cultured, and the active component is ex- 

tracted from the resulting culture product. Any solid or liquid medium capable of supporting growth of Basidlo- 
mycetes may be used, but it is preferred to include in the medium a material prepared from true grasses. The 
material prepared from true grasses Includes, for example, bagasse, wheat straw, rice plant straw, corn stems 
and leaves, rice bran, and wheat bran. Particularly preferred is bagasse. It is presumed that the material pre- 
ss pared finom true grasses is degraded by the Basidlomycetes and it may thus effectively form, together with a 
component directly produced by mycelia of Basidlomycetes, the component effective for t he therapy of AIDS. 
Other nutrient components may be added to the medium, such as sawdust, peptone, yeast, and sugar cane 
waste syrup. 

The mycelia of Basidlomycetes may be cultured, by inoculating into a medium as described above, a my- 

40 celial pellet obtained by liquid culture of spores of Basldtomycetes. If a solid medium is used, the inoculated 
cultures are incubated for 3 to 6 months in a culture chamber air-conditioned to a temperature of about 18 to 
25°C and a humidity of about 50 to 90%. Most preferably, the cultures are incubated for 4 to 6 months in a 
culture chamber air-conditioned to a temperature from 20 to 25^C and a humidity of 60%. Preferably, once the 
mycelia have spread in the media the cultures may be moved to a temperature treatment chamber and sub- 

45 jected to temperature variation treatment. The temperature variatbn treatment is caried out, for example, by 
first heating the cultures at 32 to 34°C for 24 to 48 hours, and then moving the cultures to a low temperature 
treatment chamber, where a low temperature treatment is caried out at 4 to 8^*0 at a humidity of 85% for 5 to 
7 days. This temperature variation treatment is preferably employed since it results In stabilization of the quality 
of the products, but it is not an essential step. Thereafter, the cultures are moved to a cultivation chamber and 

50 left to stand. As a result, fruit bodies begin to develop, but the culture is stopped at this stage, and the resulting 
culture product is crushed using a crusher, as hereinafter described. Alternatively, if a liquid medium is used, 
the mycelia are cultured by aerated culture or shaking culture, at a temperature of from 15 to 30'' for about 1 
week to about 1 month. The culture is stopped in the state in which the mycelia have spread in the medium. 
After the culture has been completed, the mycelia are caused to undergo autolysis catalysed by the en- 

55 zymes present inside the mycelia, and a metabolite is extracted. In the case of culture on a solid medium, a 
preferred extraction method comprises first crushing the resulting culture product and then treating the crush- 
ed product at 40 to 9**C for about 3 to 6 hours to cause autolysis catalysed by the mycelial enzymes. Most pre- 
ferably, the crushed product is heated under aeration of about SO^'C for 3 to 4 hours to accelerate the enzyme 
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reactions which cause the mycelia to undergo autolysis, and is dried to a water content of about 3 to 5%. Next, 
hot water at a temperature of 40''C or more is poured on the resulting crushed product to extract the active 
component. In a most preferred embodiment, about 5 f of water is added to 600 g of the crushed product, and 
the mixture is boiled for about 1 hour with stirring. As a result of this stirring, the active component contained 

5 in the metabolite of mycelia and mycelium cell is extracted Into the hot water. The suspension thus obtained 
is filled into a filtration bag made of. for example, flannel cloth, which is pressed to effect filtration, and the 
resulting filtrate is further filtered through a membrane filter to remove bacteria, thereby obtaining an extract 
solution in which the active component is contained. Alternatively if a liquid medium is used, the mycelia are 
optionally crushed, and thereafter heated to 40*^0 to GO^'C to cause the mycelia to undergo autolysis, thereby 

10 obtaining a liquid suspension culture product in which the mycelia are dissolved. This culture product may be 
subjected to the filtration and removal of bacteria in the same manner as described above for the solid medium 
to obtain an extract solution. The resulting extract solution may also be optionally concentrated by means of 
a ultrafiltration membrane an evaporator, followed by fireeze-drying thereof to give a brown powder. 

As an example of a method suitable for purifying the active component from the crude extract solution, 

15 the following method can be employed. 

Water to the above-described dried powder, preferably in about 10-fold volume, to prepare a suspension 
with a pH of about 7.2. Ethyl alcohol (which may be replaced by a lower alcohol of different type) is added to 
the suspension to obtain a precipitate. As will be evident from the Examples set out later, the replication sup- 
pressive activity against human immunodeficiency viruses is particularly strongly seen in the fraction which 

20 is soluble at an alcohol concentration of 37.5% but becomes insoluble at an alcohol concentration of 50%. 
Hence, according to the invention the fraction soluble at an alcohol concentration of 37.5% and insoluble at 
an alcohol concentration of 50% is collected. 

The alcohol precipitate thus obtained may be further passed through a chromatography column (chroma- 
tocolumn) of various types to separate the active fraction. Suitable chromatocolumns include, for example, a 

25 Con A Sepharose column, a lentyl lectin Sepharose column, a phenyl Sepharose CI-4B column, and a hydroxy 
apatite column. The alcohol precipitate may be adsorbed onto any of these chromatocolumns and the desired 
fraction may be eluted using a given eluent and collected. In a preferred column chromatography fractionation 
step, the alcohol precipitate Is passed through a phenyl Sepharose column and the fraction eluted with 75% 
ethylene glycol is then collected. This fraction shows a more remarkable replication suppressive activity 

30 against human immunodeficiency viruses. 

The therapeutic agent of the present invention can be administered to human bodies orally or parenterally 
for example intravenously, subcutaneously or intramuscularly. Oral administration, however, is most suitable 
taking into account the nature of the therapy. 

In the case of the oral administration, there are no particular limitations on dosage, but the agent may 

35 preferably be administered in an amount of from 1 g to 9g, and more preferably from 3 g to 6 g, a day per patient. 
A therapeutic effect on AIDS can thus be exhibited. 

The present invention will be described below in further detail by the following Examples. 

EXAMPLES 

40 

Example 1 

(1) Culture of Lentinus edodes mycelia: 

45 A solid medium mixed with 90% of bagasse, 5% of rice bran and 5% of a nutrient source such as wheat 

bran was sterilized according to a conventional method, and a solid seed fungi (or mycelial pellets obtained 
by liquid culture) of Lentinus edodes were inoculated therein. Thereafter, the medium was moved to the inside 
of a culture chamber air-conditioned to a temperature of from 20 to 25^0 and a humidity of 60%, and was cul- 
tured for 4 to 6 months. After the mycelia had spread in the medium, the culture was moved to a temperature 

50 treatment chamber and heated there at 32 to 34''C for 24 to 48 hours. It was then moved to a low temperature 
freatment chamber, and subjected to a low temperature treatment at 5 to S'^C at a humidity of 85% for 5 to 7 
days. Thereafter, the culture was nru>ved to a cultivation chamber and left to stand there. When fruit bodies 
began to develop, the culture was removed and was then crushed using a crusher. 

55 (2) Extraction of active component from culture product: 

The crushed product obtained as described above was heated under aeration at about 80°C for 3 to 4 hours 
to accelerate the reaction of enzymes and cause the mycelia to undergo autolysis, and also dried to a water 
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content of about 3 to 5%. About 5 f of water was added to 600 g of this crushed product, followed by boiling 
for about 1 hour with stirring. As a result of this stirring, the active component contained in the metabolite of 
mycelia and mycelial cytoplasm was extracted into the hot water. 

The suspension thus obtained was filled in a filtration bag made of flannel cloth, which was pressed to 
5 effect filtration, thus obtaining a filtrate. The resulting filtrate was further filtered through a membrane filter to 
remove bacteria, thereby obtaining an extract solution. This extract solution was concentrated under pressure, 
followed by freeze-drying to obtain a brown powder. This powder was designated as LEM-HT. 

Analysts of components of the above LEM-HT revealed the following: Sugar 44.0%; protein: 24.6%; oth- 
ers: 31 .4%. The sugar was determined according to a phenol/sulfurlc acid method, and the protein was deter- 
10 mined according to a Lowry method. 

Determination of the sugar composition of the polysaccaride constituting the main component of LEM- 
HT revealed the following: Glucose: 27.5%; galactose: 3.1%; mannose: 6.7%; xylose: 30.9%; arabinose: 
30,5%; fucose: 0.7%; rhamnose: 0.6%. 

15 (3) Infection inhibitory effect of LEM-HT in a human immunodeficiency viruses-cultured human T cell sys- 
tem: 

i) Test method 

20 HTLV-1 positive MT-4 cells (cultured human T celt system) were infected with HIV with a multiplicity of In- 

fection of 0.001 (proportion of 1 virus to 1 ,000 cells), and the number of cells was adjusted to 2 x 1 0^/m^ in a 
10% FCS-added RPMI-1640 culture medium. The resulting cell suspension was pipetted respectively into giv- 
en wells of a tissue culture plate having 24 holes. On the other hand, LEM-HT was added respectively into 
the wells of the above plate so as to give a final concentration of 0.1 mg/mF, 0.25/mf or 0.5 mg/mf , and then 

25 maintained at 37^C in 5% C02-added moist air. The culture medium was exchanged every 3 days, and LEM- 
HT was added every time it was exchanged. The number of the cells on which HIV antigens appeared was 
measured every 3 days according to an indirect Immunof luorescene method, and then compared with controls 
in which no LEM-HT was added. 

30 ii) Test results 

Test results obtained are as shown in Fig. 1. In Fig. 1, the ordinate indicates the proportion (%) of HIV 
antigen positivecells, and the abscissa the days after infection. 

In controls. 90% of cells turned positive for HIV antigens on the 3rd day after culture, and almost all cells 
35 were dead on the 9th day after culture. LEM-HT, however, showed an inhibitory effect proportionally depending 
on its dosage, against the infection with HIV on MT-4 cells. This inhibitory effect showed that infection was 
almost completely inhibited for 12 days at a concentration of 0.5 mg/mf . 

(4) Purification using alcohol precipitates: 

40 

LEM-HT was purified according to the flow chart as shown in Fig. 2. 

(I) LEM-HT (10 g) was dissolved in 200 mf of water, followed by centrifugal separation at 6,000 rpm for 20 
minutes. A precipitate thus obtined with an alcohol concentration of 0% was freeze-dried, and thus was 
designated as E-0. 

45 (ii) Next, 22.2 m^ of ethyl alcohol was added to 200 mF of the supernatant obtained in the step (i) to give 

an alcohol concentration of 10%, and then left to stand at 4°C for 20 minutes followed by centrifugal sep- 
aration at 7,000 rpm for 20 minutes. A precipitate thus obtained with an alcohol concentration ranging from 
0 to 10% was freeze-dried, and this was designated as E-1. 

(iii) Next, 25 mF of ethyl alcohol was added to 200 mf of the supernatant obtained in the step (ii) to give 
50 an alcohol concentration of 20%, followed by centrifugal separation at 7,000 rpm for 20 minutes. A precip- 
itate thus obtained with an alcohol concentration ranging from 10 to 20% was freeze-dried, and this was 
designated as E-2. 

(iv) Next, 28.6 mt of ethyl alcohol was added to 200 mf of the supernatant obtained in the step (iii) to give 
an alcohol concentration of 30%, followed by centrifugal separation at 7,000 rpm for 20 minutes. A precip- 

55 itate thus obtained with an alcohol concentration ranging from 20 to 30% was freeze-dried, and thus was 

designated as E-3. 

(v) Next 33.3 mf of ethyl alcohol was added to 200 mf of the supernatant obtained in the step (iv) to give 
an alcohol concentration of 40%, followed by centrifugal separation at 7,000 rpm for 20 minutes. A precip- 



5 



EP 0 370 673 B1 



itate thus obtained with an alcohol concentration ranging from 30 to 40% was freeze-dried, and thus was 
designated as E-4. 

(vi) Next, 40 mf of ethyl alcohol was added to 200 mf of the supernatant obtained in the step (v) to give 
an alcohol concentration of 50%, followed by centrifugal separation at 7,000 rpm for 20 minutes. A precip- 
5 itate thus obtained with an alcohol concentration ranging from 40 to 50% was freeze-dried, and this was 

designated as E-5. 

(5) Tests on human immunodeficiency viruses Inhibitory action, using the above E-3 Precipitate fraction: 
10 i) Test method 

Once ATH8 cells (HTLV-I positive, human T cells) are infected with human immunodeficiency viruses, vi- 
able cells gradually decrease. Then, in a culture medium of ATH8 cells (2 x 1 0^ per culture), the above fractioned 
specimen E-3 was added so as to give a concentration of from 0.1 to 200 (ig/mf. In the resulting cell mixture, 
15 HIV (2,000 virus particles per cell) was inoculated, followed by culture at 37''C for 7 days. Thereafter, the de- 
crease in viable cells wash compared with that of controls which were not infected with HIV. 

ii) Test results 

20 Test results obtained are shown in Fig. 3. As will be evident from Fig. 3, it was possible to substantially 

inhibit the decrease in viable cells which is due to the infection with HIV, when 200 ^nrVmf of the present sub- 
stance (E-3) was added in the target cells. Thus, there was recognized a clear antiviral action. 

(6) Tests on immunopotentiational action of LEM-HT 

25 

i) Test method 

Sterilized liquid paraffin was interperitoneally injected in a guinea pig, and peritoneal exudate macrophages 
were collected after 4 days. The number thereof was adjusted to 5 x 10^ cells/mf in an Eagle MEM medium. 

30 In the resulting cell suspension of the microphages, LEM-HT was added so as to give a concentration of from 
125 to 1 ,000 ng/mf , and culture was carried out at 37*^0 for 6 hours. After the culture was completed, the cells 
were washed twice with the medium to remove LEM-HT, followed by culture in a 10% FCS-added Eagle MEM 
medium for 42 hours. Interleukin (IL-1) contained in the supernatant produced by the LEM-HT-treated macro- 
phage culture was measured by the thymocyte proliferation assay. More specifically, the supernatant resulting 

35 from the LEM-HT-treated macrophage culture was added to the cells obtained from C3H/HeJ mouse thymus, 
to which 2 ^g/m£ of phytohemagglutinin was further added, followed by culture for 48 hours. Thereafter, 
3,7.10-i^.S'Vml (1 \xC\/mt) of ^H-thymidine was added to further continue the culture for 24 hours. Then, the 
amount of incorporation of ^H-thymidine Into an acid-insoluble fraction was measured using a liquid scintillation 
counter. 

40 

ii) Test results 

As will be evident from Fig. 4, LEM-HT stimulated the macrophages at a concentration of not less than 
125 \ig/mt and enhanced the activity in the production of IL-1 . This indicates that LEM-HT enhances the pro- 
45 ductive activity of IL-1 as a result of its action on the macrophage cells, and thus increases the ability of lym- 
phocytes in quality to enhance the ability of making antibodies. 

(7) Tests on mitogenic effect of LEM-HT on mouse splenic cells: 
so i) Test method 

A spleen was delivered from a rat, and cut to pieces in a physiological saline, followed by filtration on a 
stainless steel wire net of 80 mesh. Filtrate suspension was subjected to centrifugal separation, and the re- 
sulting pellets were suspended in a 0.35% saline solution to make a hemolytic treatment The resulting sus- 
55 pension was subjected to centrifugal separation to remove the supernatant Next, the cells sedimented were 
washed with a Hanks' solution containing kanamycin (60 ^g/mf ). The cells thus washed were dispersed in a 
TC 1 99 medium (available from Difco Co.) containing 20% (v/v) of bovine fetal serum (FBS; available from M.A. 
Bioproduct Co.) and 0.006% (w/v) of kanamycin sulfate, so as to give a cell number of 1 0^ cells/mf . The resulting 
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suspension was pipetted into given wells of a well plate, 100 in each, and LEM-HT solutions prepared to 
have various concentrations were each similarly pipetted, followed by culture in the presence of 5% CO2 at 
ST^'C for 24 hours. IMethyl-^HJthymidine (PH]-TdR; available from Amersham Japan Co.) was further added 
by 0,37.1 0-i^.s~^ (0.1 ^Ci) per one well, followed by culture for 24 hours. These cells were agglutinated In the 
form of a sheet on a glass fiber membrane, which were then washed three times with cold physiological saline 
- cold 5% (w/v) trichloroacetic acid, twice with cold 95% ethyl alcohol, and further once with cold diethyl ether, 
followed by air-drying. Finally, the radioactivity thereof was measured using a liquid scintillation counter. 

ii) Test results 

Test results obtained are as shown in the following table. In the table, ±an. 1 is obtained according to the 
following equation: 

±an. 1 = 2(XI-X)2/(n- 1) 
15 TABLE 
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Mouse Dose of LEM-HT (/ig/ culture) 

20 

No. 0.4 i 2 4 10 20 



25 


1 


1,39 


1. 


33 


1. 
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1.08 
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1.51 
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13 
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1.01 


1. 


20 
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1.46 


2 . 
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2 . 
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1.46 


1. 


37 


1. 


68 


1.82 


2 . 


35 


2 • 


49 


30 


























5 


1. 16 


1 . 


37 


1, 


38 


1. 63 


2 . 


23 


2 . 


00 




6 


1.27 


1. 


56 


1. 


38 


1.75 


2 . 


41 


2 • 


38 




Average 


1.21 


1. 


31 


1. 


42 


1.69 


2 . 


27 


2. 


21 


35 




0.20 


0. 


19 


0. 


17 


0.20 


0. 


17 


0. 


20 



40 As will be seen from this table, LEM-HT promotes the blastogenesis of mouse spleen cells at a concen- 

tration of not less than 0.4 )xg/culture, and thus has a clear mitogenic effect. 

As demonstrated in the above, LEM-HT was confirmed to promise direct effectiveness in inhibiting infec- 
tion with human immunodeficiency viruses and suppressing the replication thereof, at the same time to 
strengthen the immunological competence as a result of its action on living bodies, and to have a therapeutic 

45 effect. Namely, in view of the facts that a) LEM-HT suppresses the decrease in T-lyphocytes which is caused 
by infection with human immunodeficiency viruses, b) it activates macrophages, augments the production of 
IL-1, and promotes the production of antibodies, and c) it has a mitogenic activity on spleen cells, LEM-HT is 
considered to be very effective for suppressing the infection with, and replication of, human immunodeficiency 
viruses. 

so 

(8) Tests on acute toxicity of LEM-HT: 

Using rats of SD strain, tests were carried out to examine acute toxicity following oral, subcutaneous or 
intraperitoneal administration of LEM-HT. The resulting LD50 values were as follows: 

55 
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Male Female 
Oral adminis'tration: 17.2 15.8 

Subcutaneous administration: 4.5 5.2 

5 

Intraperitoneal administration : 3.3 3.1 

(unit: g/kg) 

10 Following oral and subcutaneous administration, both male and female rats died after one, and after two 

days, respectively, but differences were seen following Intraperitoneal administration, in that males died in two 
days and females in three days. Administration of LEM-HT in a large dose caused a strong inflammation re- 
action at the administration site, irrespective of the mode of administration. More specifically, oral administra- 
tion caused bleeding in the digestive tracts; subcutaneous administration resulted in necroses at the femoral 

15 regions; and intraperitoneal administration resulted in adhesion of the liver with the diaphragm. From such a 
pathology, it is assumed that an abrupt change resulting from the administration finally caused physical 
strength to fail, and resulted in death. 

As a result of the acute toxicity tests as reported above, LEM-HT was confirmed to be as safe as a general 
food. 

20 

(9) Clinical Trial on AIDS patients - No 1 



Using LEM-HT, clinical therapeutic trials were carried out on AIDS patients, although the number of pa- 
tients in the trial were low. Tests were carried out at the following institution and by the following testers. 

25 

Testing institution: 



Emperor's College of Traditional 
Oriental Medicine (U.S.A) 

30 

Testers: 



Dr. M. Mosiek 

Dr. Kevin Lance Jones 

35 

(i) Case 1 

A case who had a serious fever and feeling of fatigue consulted a doctor. As a result of clinical tests, the 
case was recognized to have HTLV-lll antibodies, and was thus diagnosed as having AIDS. Before adminis- 
40 tration of LEM-HT, the number of T4 cells was 1 ,250 cells/mm^. LEM-HT was orally administered in an mount 
of 6 g every day. As a result, the number of T4 cells after 30 days was restored to 2,045 cells/mm^; and the 
number of T4 cells after 60 days was 2,542 cells/mm^, resulting in relief of the subjective symptoms. 



(ii) Case 2 

45 

A case of Karposi's sarcoma caused by infection with human immunodeficiency viruses. Before adminis- 
tration of LEM-HT, the number of T4 cells was 822 cells/mm^. LEM-HT was orally administered In an amount 
of 9 g every day. As a result, the number of T4 cells Increased up to 1,050 cells/mm^ towards recovery, but 
the subject developed complications due to pneumonia and died. 

so 

(iii) Case 3 

A case who had no subjective symptoms, but was found in clinical tests to be infected with HTLV-lll. The 
case was in the state of what is called a carrier. LEM-HT was orally aministered in an amount of 6 g every day. 
55 As a result of administration for 60 days, virus antigens disappeared. 

After the above clinical therapeutic trials, the doctors who had operated the examination reported that 
LEM-HT, which originates from 100% natural products, was safe, and resulted in no side effect to the subjects 
under investigation. 
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(10) Clinical Trial to AIDS patients - No 2 



i) Testing institutions and testing doctors 



Testing inst:it:ution 



Testing doct:or 



Sangyo Medical College 
Tohoku University, 



Akira 



Shirahata 



School of Medicine 



Kazuo 



Mori 



Hama-no-inachi Hospital 
Kagoshima University, 



Kunio 



Kishida 



School of Medicine 



Ikuro 



Maruyama 



li) Test Method 

Among 1 8 cases suffering from hemophilia and to which LEM-HT had been administered at the above four 
institutions, 13 cases were tested (hemophilia A: 11 cases; hemophilia B; 2 cases), to whom LEM-HT had been 
administered for 3 months or more. The age of the cases to be tested ranged from 13 to 49. Nine (9) cases 
were grouped as AC (asymptomatic carrier), 1 case ARC (AIDS-related complex), 2 cases AIDS, and 1 case 
HIV antibody negative. The total daily dose of LEM-HT was 9 g, administered three times a day. Then the effect 
of LEM-HT on the immunological competence of these haemophiliac cases infected with HIV was examined. 



(a) As to CD4/8 ratio, an increase was observed in 3 cases among the 9 cases of AC, a decrease, in 2 cases, 
and a temporary increase, in 1 case among the remaining 4 cases. 

(b) As to CD4 absolute number, an increase was seen In 2 cases among the 9 cases of AC, a decrease, 
in 3 cases, and a temporary increase, in the remaining 4 cases. No change was seen in the 1 case of ARC, 
but a tendency of decrease, in the 2 cases of AIDS. 

(c) As to lymphocyte blastogenesis reaction by PHA, Con A, or PWM, an increase was seen in 5 cases 
among 8 cases of AC, a decrease, in 1 case, and no change, in 2 cases. No change was also seen in the 
ARC cases, but a remarkable increase was seen in the 2 cases of AIDS, resulting in a relief of candidiasis 
from a clinical symptom. 

(d) In the 1 case of HIV antibody negative, increases were seen after administration of LEM-HT, as to all 
the CD4/8 ratio, CD4 absolute number, and lymphocyte blastogenesis reaction. 

(e) No side effect was seen which was considered to be caused by the present agent. 

(f) Conclusion 

LEM-HT had a remarkable influence particularly on the lymphocyte blastogenesis reaction. In some 
cases, an increase of CD4 was also seen and a clinical improvement effect was obtained in ail the cases 
of AIDS. Thus, the present agent is deemed to be an agent highly worth while to be tried as a prophylatic 
or therapeutic agent 

Example 2 

(1) Fractionation of LEM-HT: 

LEM-HT was prepared in the same manner as Example 1 described above. The resulting LEM-HT was 
fractionated according to the flow chart as shown In Fig. 5. 

(i) A 10-fold volume of water was added to LEM-HT, and the resulting suspension was adjusted to pH 7.2. 

(ii) To this suspension, ethyl alcohol was added to give an alcohol concentration of 50%, followed by cen- 
trifugal separation to obtain a precipitate, which was designated as PPT1. 

(iii) This precipitate was passed through a Con A Sepharose column and adsorbed thereon, followed by 
elution using a phosphate buffer solution (pH 7.2) containing 1M NaCI and 0.2M a-methyl mannoside. 



iii) Results 
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(iv) The resulting eluate was further passed through a lentyl lectin Sepharose column, and a fraction eluted 
using 10mM acetate buffer solution (pH 6.0) containing 0.1 M sodium chloride was designated as ECL1. 

(v) The adsorbed material was further eluted using a phosphate buffer solution containing 1 M NaCI, 0.2M 
a-methyl mannoside, and the resulting fraction was designated as ECL2. 

5 (vl) A 1 0-fold volume of water was added in LEM-HT, and the resulting suspension was adjusted to pH 7.2. 

Thereafter, ethyl alcohol was added to give an alcohol concentration of 37.5 %, followed by centrifugal 
separation to remove a precipitate. In the resulting supernatant, ethyl alcohol was further added so as to 
give an alcohol concentration of 50%, followed by centrifugal separation to obtain a precipitate. A fraction 
soluble at an alcohol concentration of 37.5% and insoluble at 50% was collected, which was designated 

10 asneoPPTI. 

(vii) The neoPPTI was passed through a phenyl Sepharose CL-4B column, and a fraction eluted using a 
phosphate buffer solution (pH 6.8) was designated as EP1. 

(viii) A fraction further eluted using a phosphate buffer solution (pH 6.8) was designated as EP2. 
(Ix) A fraction further eluted using 75% ethylene glycol was designated as EPS. 

15 (x) The EP2 was adsorbed on a hydroxy apatite column, and a fraction eluted using a phosphate buffer 

solution (pH 6.8) was designated as EP2H1. 

(xi) The EPS was adsorbed on a hydroxy apatite column, and a fraction eluted using a phosphate buffer 
solution (pH 6.8) was designated as EP3H6. 

(xii) The EPS was adsorbed on a Con A Sepharose column, and a fraction eluted using a phosphate buffer 
20 solution containing 1M NaCI and 0.2M a-methyl mannoslde was designated as EP3C. 

(2) Tests on inhibitory effect to infection with human Immunodeficiency viruses by each fraction: 

i) Test method 

25 

Once ATH8 cells are infected with HIV, viable cells gradually decrease. Then, In a culture medium of ATH8 
cells (2x10^ per culture), the above fractions were each added so as to give a concentration of from 0 to 200 
^g/mf . In the resulting cell mixture, HIV (2,000 virus particles per cell) was inoculated, and the decrease in 
viable cells was compared with that of controls which were not infected with HIV. 

30 

ii) Test results 

Test results obtained are shown in Fig. 6. In Fig. 6, the black bar represents a group brought into contact 
with HIV, and the white bar a group of controls. The ordinate therein Indicates the number of viable cells (xlO^), 
35 and the abscissa the concentration of the specimens added (|j.g/mO- 

As will be evident from Fig. 6, anti-HIV activity was seen In all the respective fractions of LEM-HT. 
In particular, using EPS fraction, it was possible to completely inhibit the decrease in viable cells which is 
due to the infection with HIV, when the fraction was in a concentration of 20 to 50 \xgfmL 
A good anti-HIV effect was also seen in the fractions EP2. EP3C and EPSH6. 
40 Thus, the respective fractions of LEM-HT showed a superior anti-HIV effect even in a low concentration 

of about 20 to 50 ^g/mf . 

(S) Tests to elucidate the operation and mechanism of the substance of the present invention: 
45 i) Test method 

To reverse transcriptase (RT) prepared from human immunodeficiency viruses, neoPPTI and EPS were 
each added so as to give various concentrations from 0 to 100 ^g/mf , and the activities of the referse tran- 
scriptase at each concentration were measured. 

50 

ii) Test results 

Test results obtained are shown in Fig. 7. In Fig. 7, the dotted line with triangles represents the results on 
neoPPTI, and the dotted line with circles the results on EPS. The ordinate in Fig. 7 also represents the amount 
55 of marker necleotide incorporated into DNA, and the abscissa the concentration of neoPPTI or EPS. 

As will be evident from the results, neoPPTI, when used in a low concentration, did not show much RT 
inhibitory activity. EPS, however, showed a good Inhibitory activity even at 10 ng/mf . This indicates that EPS 
inhibits the activity of the reverse transcriptase, which transcribes transferring the RNA genome of the viruses 
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into DNA, even in a low concentration, and thus inhibits the multiplication of viruses. 
(4) Analysis of EPS: 

5 Elenaentary analysis and analysis of inorganic components were carried out on EPS. 

1) Results of elementary analysis 

The following was found as a result of the elementary analysis. 
10 C: 44.97 %; H: 3.81 %; N: 1.88 %; ash content: 5.70 %; O: 43.64 % 

ii) Results of analysis of inorganic components 

The following was found as a result of analysis of the components according to an inductively coupled plas- 
15 ma method and atomic abasorption spectrophotometry. 

P: 0.52 %; S: 0.34 %; Mg: 0.03 %; Ca: 0.21 %, K: 0.34 %; Na: 2.17% 

Thus, EPS was identified to be a substance composed of the elements P, S, Mg, Ca, Kand Na, in addition 
to the organic matter. 

As will be evident from the test results and clinical therapeutic trials as reported in the above, the present 
20 therapeutic agent was confirmed to have a sufficient effect on human immunodeficiency viruses. What should 
also be mentioned specially In the present invention is that, although conventional substances having an an- 
tiviral action have had so strong a toxicity and side effect that they often cannot in practice be used, the present 
therapeutic agent, which is an extract from 100 % natural products, has a very high safety. In addition, the 
present therapeutic agent has been confirmed to be effective by oral administration, and can inhibit the activity 
25 of the reverse transcriptase of human immunodeficiency viruses even in a low concentration, thereby sup- 
pressing the multiplication of human immunodeficiency viruses, so that it can promise a good prophylactic or 
therapeutic effect against AIDS. 



30 Claims 

1. A therapeutic agent for the treatment of human immunodeficiency virus (HIV) infections comprising as 
an active component a hot-water-soluble extract of the mycelia of fungi of the genus Basidlomycetes , said 
active component being soluble at an aqueous ethanol concentration of 37.5 % and insoluble at an aqu- 

35 ecus ethanol concentration of 50 %. 

2. A therapeutic agent according to claim 1, which is an extract of the Basidiomycete fungus Lentinus 
edodes . 

^ 3. A therapeutic agent according to claim 1 or claim 2 wherein said active component comprises a mixture 
comprising sugar, protein and an inorganic component. 

4. A therapeutic agent according to claim 3, wherein said inorganic component comprises P, S, Mg, Ca, K 
and Na. 

^ 5. A therapeutic agent according to any one of claims 1 to 4 wherein said active component has the following 
elementary composition: 

C: 44.97,%, H: 3.81 %, N: 1.88 %, ash content: 5.70 % and 0: 43.64 %, and contains as said inorganic 
component P: 0.52 %, S: 0.34 %, Mg: 0.03%, Ca: 0.21 %. K: 0.34 % and Na: 2.17 %. 

^ 6. A process for the preparation of a therapeutic agent as claimed In any one of claims 1 to 5, said process 
comprising the steps of: 

(a) culturing mycelia of Basidlomycetes; 

(b) causing the said mycelia to undergo autolysis; 

(c) extracting the mycelial contents using hot water; 

^ (d) subjecting the resulting extract to alcohol precipitation; and 

(e) collecting a fraction which is soluble at an aqueous ethanol concentration of 37.5 % and insoluble 
at an aqueous ethanol concentration of 50 %. 
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7. A process according to claim 6, wherein said mycelia of Basidiomycetes are cultured using a medium con- 
taining true grasses. 

8. A process according to claim 6 or claim 7, wherein said Basidiomycete fungus is Lentinus edodes , 

9. A process according to any one of claims 6 to 8, comprising the further step of fractionating by column 
chromatography the ethanol precipitate of step (e) whereby to collect an active fraction. 

10. A process according to claim 9, wherein said ethanol precipitate of step (e) is passed through a phenyl 
sepharose column to collect a fraction eluted using 75 % ethylene glycol. 

11. Use for the preparation of a therapeutic agent for use in the treatment of human Immunodeficiency virus 
(HIV) infections, of a hot-water-soluble extract of the mycelia of fungi of the genus Basidiomycetes said 
extract being soluble at an aqneous ethanol concentration of 37.5 % and insoluble at an aqueous ethanol 
concentration of 50 %. 



Patentanspruche 

1. Therapeutisches Mittel zur Behandlung von Infektionen mit humanem Immundefekt-Virus (MIV), welches 
als eine aktive Komponente einen heiBwasserloslichen Extrakt der Myzele von Pilzen der Klasse 
Basidiomycetes umfa&t, wobei besagte aktive Komponente bei einer Konzentration von wa&rigem Etha- 
nol von 37,5% Idslich und bel einer Konzentration von wi&rigem Ethanol von 50% unl5slich ist. 

2. Therapeutisches Mittel nach Anspruch 1, dadurch gekennzeichnet, da& es ein Extrakt des Basidiomyce- 
ten-Pilzes Lentinus edodes ist 

3. Therapeutisches Mittel nach Anspruch 1 oder Anspruch 2, dadurch gekennzeichnet, dal^ besagte aktive 
Komponente ein Gemisch umfalit, das Zucker, Protein und eine anorganische Komponente umfa&t. 

4. Therapeutisches Mittel nach Anspruch 3, dadurch gekennzeichnet, dad besagte anorganische Kompo- 
nente R S, Mg, Ca, K und Na umfadt. 

5. Therapeutisches Mittel nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, da& besagte aktive 
Komponente die folgende Elementarzusammensetzung besitzt: 

C: 44.97 %, H: 3,81 %, N: 1,88 %, Aschegehalt: 5,70 % und O: 43,64 %, und als besagte anorganische 
Komponente P: 0,52 %, S: 0,34 %, Mg: 0.03 %, Ca: 0,21 %, K: 0,34 % und Na: 2,17 % enthalt. 

6. Verfahren zur Herstellung eines therapeutischen Mittels nach einem der Anspruche 1 bis 5, dadurch ge- 
kennzeichnet, da& besagtes verfahren die Schrltte umfa&t: 

(a) Kultrvleren von Myzelen von Basidiomycetes; 

(b) Bewirken, datl besagte Myzele Autolyse durchlaufen; 

(c) Extrahieren der Myzelinhalte unter verwendung von heiBem Wasser; 

(d) Unterwerfen des resultierenden Extraktes unter Alkoholausfallung; und 

(e) Sammein einer Fraktion, die bei einer Konzentratbn von wS&rigem Ethanol von 37,5% I5slich und 
bei einer Konzentration von wd&rigem Ethanol von 50% unl5slich ist. 

7. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daR besagte Myzele von Basidiomycetes unterver- 
wendung eines Mediums kultiviert werden, das echte Graser enthalt. 

8. Verfahren nach Anspruch 6 Oder Anspruch 7, dadurch gekennzeichnet, da& besagter Basldiomyceten- 
Pilz Lentinus edodes ist. 

9. Verfahren nach einem der Anspruche 6 bis 8, dadurch gekennzeichnet, da& es den weiteren Schritt der 
Fraktionierung des Ethanolniederschlages von Schritt (e) durch Saulenchromatographie umfaUt, um da- 
durch eine aktive Fraktion zu sammein. 

10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, da& besagter Ethanolniederschlag von Schritt (e) 
durch eine Phenyl-Sepharose-Saule hindurchgegeben wird, um eine Fraktion zu sammein, die unter Ver- 
wendung von 75% Ethylenglykol eluiert wird. 
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11. Verwendung zur Herstellung eines therapeutischen MIttels zur Verwendung bei der Behandlung von In- 
fektionen mit humanem Immundefekt-Virus (HIV) eines heiBwasserloslichen Extraktes der Myzele von 
Pilzen der Klasse Basidiomycetes . wobel besagter Extrakt bei einer Konzentration von wa&rigem Ethanol 
von 37,5% Idslich und bei einer Konzentration von wa&rigem Ethanol von 50% unloslich ist. 



Revendications 

1. Agent th^rapeutique pour le traitement des Infections par le virus de l'immunod6f icience humaine (HIV), 
10 connprenant comme composant actif un extrait soluble dans Teau chaude des myceliums de champignons 

du genre Basidiomycetes. (edit composant actif 6tant soluble dans de T^thanol aqueux d la concentration 
de 37,5 % et insoluble dans de I'^thanol aqueux d la concentration de 50 %. 

2. Agent th^rapeutique selon la revendication 1 qui est un extrait du champignon basldiomyc^te Lentlnus 
15 edodes . 

3. Agent th^rapeutique selon la revendication 1 ou 2, dans lequel ledit composant actif comprend un me- 
lange comprenant un sucre, une prot^ine et un composant mineral. 

4. Agent th^rapeutique selon la revendication 3, dans lequel ledit composant mineral comprend P, S, Mg, 
Ca. K et Na. 

5. Agent th6rapeutique selon Tune quelconque des revendications 1^4, dans lequel ledit composant actif 
a la composition ^l^mentaire suivant : 

C : 44.97 %, H : 3.81 %. N : 1,88 %, teneur en cendres : 5,70 % et O : 43,64 %, et contient comme dit 
composant mineral P : 0,52 %, S : 0,34 %, Mg : 0.03 %, Ca : 0,21 %. K : 0.34 % et Na : 2,17 %. 

6. Proc6d6 pour la preparation d'un agent th^rapeutique selon Tune quelconque des revendications 1^5, 
lequel proc^d^ comprend les stapes consistent d : 

(a) cultiver des myceliums de Basidiomycetes ; 
30 (b) provoquer Tautolyse dudit mycelium ; 

(c) extraire le mycelium avec de I'eau chaude ; 

(d) soumettre Textrait obtenu d une precipitation pour Talcool ; et 

(e) recueillir une fraction qui est soluble dans de I'^thanol aqueux d la concentration de 37,5 % et in- 
soluble dans de rethanol aqueux d la concentration de 50 %. 

35 

7. Precede selon la revendication 6, dans lequel on cuitive lesdits myceliums de Basidiomycetes en utilisant 
un milieu contenant des gramintes. 

8. Procede selon la revendication 6 ou 7, dans lequel ledit champignon Basidiomycdte est Lentlnus edodes . 

40 

9. Precede selon Tune quelconque des revendications 6^8, comprenant retape additionnelle de fraction- 
nement par chromatographie sur colonne du preclpite ethanolique de retape (e) af in de recueillir une firac^ 
tion active. 

10. Precede selon la revendication 9, dans lequel on fait passer ledit preclpite ethanolique de retape (e) e 
travers une colonne de phenylsepharose pour recueillir une fraction eiuee avec de rethyieneglycol e 75 
%. 

11. Utilisation pour la preparation d'un agent therapeutique destine au traitement des infections provoquees 
par le virus de Timmunodef Icience humaine (HIV) d'un extrait soluble dans Teau chaude des myceliums 

^ de champignons du genre Basidiomycetes. ledit extrait etant soluble dans rethanol aqueux e la concen- 

tratbn de 37,5 % et insoluble dans rethanol aqueux e la concentration de 50 %. 



55 
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FIG. I 
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FIG. 2 
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FIG. 3 
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FIG. 7 
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